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A THREtr-DIMENSIOI{AL LATTICE DESIGN FOR
STUDIES IN FOREST GENETICS 1

lJr' lJnssn l|. D.rr, ossocidl. slcli.sliclan, aurl Lt,olo Arsttx, ilt cltttrge, IrLstittde tt!
I,-ortst (itnttics, l'orcsl Senice, I rlr'lcrl Sloles l)e port tttent ol .lgricultrrrc 2

INTRODUCTION

Thc logit'rrl l)r'oceLlurc for the improvement of all rvild stocii of anv
kirr.l, rvlrct,hcr plftrlt or animal, is^prac,ticalll- t-lre same: segregatioir
oI variet,ies, r'uces, alid strains ol the rvild population; the e\'rluation
of the chrracteristics of each group; the selection of the best indivicl-
urrls fronr each ol the best strains; utilization of these in breeding
,rn,l sclecliorr: rrtrtl lirrrllr llre prodrr<'tiorr of treu' tlpcs (5).3

Irr forcst eenetics, both iu breedingl rrntl in mrss teforestation, the
irritirrl steu involves sec.d selection. It is evident that there arc ma'nr-
vrrlurrble inhelerrt chrrrtcteristics in forest trccs. These need to be
<liscovcled, isolrrtecl, ancl clefined. The lneilstlre of ltereditv is to be
found irr tlie o{Isnrins. Seeds fronr individr-ral seed trees' rnust be
coilectccl rrncl sou-n ari..l the behariol of tLe pr'ogen]' therefrom studicd.
'I'liis necessitrrtes tho mlking of fairlr- ertensivc progeny tests.

'llhe sanre diflicultv rtrises in indivichral seed-tree progeny st,udics
rrs in other phrrt, resciu'ch in varietal testing-thc lack-of lromogeneitr-
of the mc'diirm. soil, in which such tosts arc to be matle. It is a w'ell-
cstriblislrerl frrct that tlrcre is rnuch yilrirrtiotr even in soil u-hicJr seern-
irrglv hls the ruost constant textttle ancl tlullit-r-- ancl that the varia-
ti,rri is lellcctetl in thc grol'th of the pllnts to such an cxtent that
r-rrlietv iliflcrenco rnlv be -so corntrletelv obsculed as to be lost entirelv.
It is orrlv rr'hcrr the ircn is ercccclingll- srnall thtt soil cffects mrv be
ie'riorecl." As thc nurlrher of vtrietiei'to bc' tested ittcreases, the irelt
,ie,'e-*sary for u cotnplcte set becotrtes itrcrerrsingh- largcr and the
r-,iri,rticlir of soil rrtcl-othcr glorvirig factors rre liliervise magniliecl,
lcsulting in l'hrt rnal: bo n collsiderable lrrcli of precision. AII at-
tcnrl)s to solve this llloblenr ployed unstti^sfilctory for one r,easotl o1'

,rrr,rilrerurrtilYltes (7,8,10) collceiYc(1 tlreidetof nrrrrngingthevarie-
tics in r scries of srnrll blocks, irtsteacl of tltc previous trrangerncnt
irr ,'rnc bloeli. distlibuting them in srtcll a l-r1- that a r-arict-v Yadance
corrld be crrlt'trhtcrl rvhich rvoulcl be freecl of blocli effects. This
u'oLrltl viell an elror r-arirnce approplitte for maliing significanctt
tests oi difl'clences fcnurtl in thc rnerlslll'cmcllts of the varietics tlr
l)lr),,:enics. l)t'"igIrs on tliis principlc, termecl "cltrrLsi-factorial" atrcl
i'irrt't'nrlrletc lrrrr,l,,rlrized blor,ks," lrre reaclill- adrptrrble to all phrrses
of lrErononrv rvlrcrc valitttrtl tests lrrc nutcle.

'Iiic theoi'cticrl aspt'cts of this type of design have been trcltecl in
crrllier nritirrgs (3, 7, 10). It is belicr-t'tl , ltowcvcr, tlrat the applica-
tion of this ric,sicn to t prrlticLrlrrr'{ieltl lrrohlenr rvill be of iritcrest irr

: iif('eirerl frrr l,ublicali,rn l)ecetrrber 5. 1i):'lt.
. ,;rrltefql lckririrvlcrlgrnerrt is rlrre I'rof. lt. -\. l'is1rt'r. (;rt11r)l Lirborrt.rv, linivcrsity Collcgc. Lon,lotl.

f,,r .,rorx,\i0r tlijs tr rru i.f de5iqll for tlle c\pcrirn0nt: t(, I.'. \-iit0J. chief stuti.ticiaD, Rothlnstell Iixpcri.
lt.r::rl StiltiL,n. fL,r'iirr,rlnllrle c()u!rqel rn(l irrlert'st in tbt ileIt'lrrl,rtiettt oI this e\porirllent; an(l to Prol.
1,. l!1. Ilurr, l)itisiorr of IrorestrJ, L:rli!crsit! oi Crlifr,rnirl. rrlto rttlrle IllllrcroLlr suggestiolls learling to r
tJr r. t)rt( rse t)fescntal.!)lt.

: Iirilic 1luiliber" in ptrrenthoscs refer 1o Litcrrl llr0 Cilc,l, l). 1 i>.

Jr r:ir3l of ,tgricu'lturel llestvrrch.
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that it aflortls iur errtct test of the e{tectiveness of the design irr ironirrg
out heterogeneity. Por this pulpose the clescription -is here girt'n
of such rr dcsigrr as applied to tle progerrv tcst rrursg-r-v p].tt!.4 in April
1937 at the Iiistitutebf F.r'cst (ierretics, Placerville, Calif.,aand t1e
Droce<lure that rvas follorverd for correctirrg the resulting tlrrta. antl
iuaking tests of signifir:arrcc o{ rli{Ierences. .A.ctual clatl ale ernplol-ed
,rnd tlie rpltlopriirte sttrtistical procetlttre has boen carricd thlouglr oIl
eerminatibil c6unts. In these ilata factors l<rtorvn to prorltrce vrrli,r-
Eilitv of conditions rvcre actulllv ititroduce,l, ts in the l'ateling of
sections of the exDetlitnenb at rtttequlrl intclvals. Theil illlucllce wls
reflectcd in the r'6su1ts. \\'itlr tlro rrpplication of the correction pro-
eeclure such effects rvele elirnittated.

The objectir-es of the 1937 tests Nere as follo$'s: (l) 'Io-detcnnirre
thc hcreditar\- natttre of the nulncrolls local strains of poltdcrosa llirre
occurring in lhe virrious localitiers t]rro.ugh El-Dorado (lottntv, Calil..
includinI probable casual relationshiqrs rrith elevatiorr and othe'r
ftrctors of the seetl-trccs' environrncnt; (2) to discover rvhich inclividual
seed trees in each straitt, or in r:ach elevntional bclt,. have the inherent
ability to proclucc the most nrpidll'_grorving ofisprirrgl, as tleterrniletl
by rrieasuiernent of the heig}t, dizrrneter, and branchirlg of tlre
ptogetries.' Tlrc exnerirncnt rvas limited to 729 seod selectiot)s ol' strairrs, [i{)(i
porrderosa^ pine (Pirius qtonrie,rosa) and 33. .Jcfirev pile (P. .i.effre'yi'1 ,

iathered frbnr 17 consec.utir-c 500-foot altitr-rdinal zones irr rvhat rvas
i uotutr as thc El Dorado trrrnsect, an :Ireil in ]ll Dorado Cog1t1-,
c-rtending lcss than 100 rniles acloss the rnrrin rangc of tho Sierrl
Nevada and about 50 rniles parallel to the t'rnge. Some of the seecLs

u-ere obtained frortr the samc trecs but in difTerent )-eals. In matt.t'
cases trr-o or Inole of thc seed trec.s rvere grolving in thc sarne fiell
plot. It rvas clesirecl to design I rrttrserl'.in such a l'a). that rneasure-
incnts ort progetties 'rvorrltl be ttr-rrilrrblc free frorn the influence of all
hetcroseneitr-'-in grorviug contlitions atttl rvith arr estilnate of crt'or
,rclcqrrit.' for: testiig tho-iignificarrcc of diflerences betrveen palticiilrrl
progenit-.s.

THEORETICAL BASIS AND DESCRIPTION OF THE DESIGN

'Ihe desigrr best adapted to the tcst-ing of an rttrusulllv lrrrge rtrttttltt t'
of varietiei is telmctl the "threc-dimensional quasi-factorizrl" *'ith
three groups of sets (,,1tseutLr-frrt.trrriirl" in_earlier.p,ublic,a.tiotrs), gr
r1or.e sirrrDi\-, l lre crrhic iuttice rl,'sigrr (6). Tlre initinl t'r'qrtiretnetlt is

tlttt tlrc rrrirrrl,or of vrrriclies tcslerl lrc r pelfect crrbt'. lrl tlris oxpel'i-
ment 729, or 93, inclir.idull scccl selcctiorrs l'ere made. Nine plots or
vlricties i""re gro,tped together to tnalie up ir block. __lt follou-s_, tht'rr.
that g1 blocli alb needecl for' one cornplete lelllicrrtiorr. It $rrs
believed t,hat, tiris block size rvas sulficiently snrall to crlituiurrtc trnar-oitl-
ablc hcterogerrcity therein. I,'untlamontnl\'' tlris.proccss of arratrgitrg
ferver t|an ihe toial nurnber of treatmerrts (individual seiecl selections)
i1 a blocli, in other.*-orcls nrorc tlnn one block to a replictrtiotr. rcsrtlts
in confourrding (1r). Sonre of the inforrnation or) trettment ol'
interaction ellccts is sacrillccd by bc'ing entanglecl rvith fcrtilitv
tlilTerences bettycen bloclis in ortier thnt the pt'ccision maY be increased
through a reductiorr of the stanclard error tlue to elirniurttion of blocli

-.1A ;;,t-f ih. California forest and Rango llxperiment strti rrr.
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{ir.isiorr bc so a.rranged thrrt thel' cut acloss those of ull the othcr'
clivisions. Cutting the cube b.v trvg scts of parallel plarres through tlre
intcrsections the-first set prrrallel to thc right-front face nnd the
second pnrallel to the uppei face -f iells 81 -bloclis,'each ninc pl,rts
(srnall cubes) long. The trurubels 111, 211, 311---.-- 911, form l
set, rrrother is 112, 2)2,312- - 912, &lld so until 81 such blocks
arc'clcsignate'd. It rvill lle ttotecl thrrt in cach ()f thesel sets or bloclis

a

Wlrlilffi 
w#nt#/,{lrrrii[]

tr il11,, l8t ;: li! y 
l-,i'u s,li 1,,, i'y

\\n"= H Q it 
r,' 

^'^" n1 3,$2\>q,rd'ffgy7u'
l.-rcrnr: 1.- Clrrlrc to illlrstlatc thc nrctlrod for clcterrniuing thr: sets il thc -I, l',

errrl Z grottps for the tltlc'e'-clirttcrrsiolral latticc plogel)]- tcst rtttrscrl'.

i-'ir-'nunrbels lt'e constitltt rrrtrl tl rrrries ft'om 1 to 9. l'his group of sl
st-rts or bloclis l-ts <lesignntcd bv the lctter I, artcl each blocl' ritttttlrcr
is fornrccl by thc combinrrtion of its cortstant z'ti,'antl srnall .r', c. Q., ll..r',
12.r, ctc. iiroup -Y is givor irr detail in thc, filst vertical sectirlti rrf
tnble 1.

Passing plrrries tlrrough thc cube prilallcl to the left {t'orrt frtt'e
urrd then lrorizontally cuts acloss thc scts in the first group tnaliing
certain that no trvo plots l'hich alrponred togcther in the X group rrrc
norv togethcr. The rtel. scts fornt thc )- group. fn these z artd tl
are constrnt and z; varies from 1 to 9. One such blrck is 111, 121,
131 --- --- 191; a,nother 911, 921, 9:11 -. ---- 991. Corisistent rr'itii
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the lilst €{l'oup these rvould be bloclis l l u and 91y. 'I'hc sccorrtl r-ertir:ril
scctiorr of trrbler 1 shou's the sets of the )'group.

-f .\eLE Xttrnbtrin,g slyslem Jor Ttrogenies itr, llte 1937 progenll tcst tntrsery, shotlin,q
block assign,ntents of plots Jor groups X, Y, and Z

Il l0ck
\o.

Block
fio.Grr)u1) -\ (.fd,) (ir0up l'(r.ro) lllock riply Z (ur')

I lx
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l9u

21v ,
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:
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:
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l31l _-_

231 __-
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,.],

23U ---
u31 _-_
332 ___

331) ___

lll il2 113
t2l 122 1:3
131 132 t33

r9l 192 193

2r I 212 213
)21 222 223
231 ?32 233

21i1 !92 293

311 3i2 313
321 322 3!3
331 332 333

391 392 393
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'l'
:le

319
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,1,

3;e

lur

21i
22r
2:\I

!9r

3lx
:t2a
:l3r

1 111 219

12r !?r
t2:] 222
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'13

r::g rirr

l3l ?31
132 ?32
133 233

:i{-}/ I39 230 339

'.)tx t111 !91 391

'r') 
i r rf) ,ut 10,

t,:lr 193 :.1113 393

!r|.r 1{,9 !!19 31)9

- 9t9

- 9.11

_ 92!
923

- lig
_ 1)31

- !)3:- ,:,

, 939 riru rril rirr

{)1r 011 1l2L 931
92y 912 92f 1r:.i2ul' 'l' 'l' 'l'
liu ljrr ors li1)

91ll
91)2

'.-

111)9ruil

912
1.)22

9Jz

giz

911 912 913 , -- {t19
921 922 923 -_ 929
931 932 933 _-- 939

oirr eb! sis cbe

I'he thinl rlnd llrst or Z group of se'ts, lilir:h cuts across each of
the othcr t\\'o gloul)s, is fonned fronr thc cube b.t'passing scts of pltures
in both \-elticul tlirectiorrs. 'I'ho blocks 'rvill strntl r-crticalh' in the
ligrrre. Blocli 1le x-ill be 111, 112, 113 ------ 119 rvhile block 91e
is nrrrde rrp of plots 911, 912, 913 --- - - 919, as in the last vertical
section 0{ tal)lo l.

(ilorrps f, )', and Z trere elch rcplicated thrcc times in the nurserv,
nraliing nine cornplctc rcplications for each progeny.

DESCRIPTION OF NURSERY BEDS

The nrost tlcsira,ble sct-up, both fi'orn the standpoint of the techuical
phrses rrnd of the field \\'ork, \\,-as to use becls 4.5 feet b_r- 48 fect, running
cirst irnrl u"ost. Each becl rr'as <livide<l into 288 plots 1)j feet long
,rrrtl 6 irr,'lr,'s *irlr,nrnninq flcloss tlre ber[, rnrrli.ing 3'lllots to tlre rvidtli
(north, center', lrid south) and gG to rhe lorgth. Nine plots at ea,ch
r.n<l rverc l<cpt as guard plots, leaving 270 test, plots in eaclr bed,
rvhich u-orrlcl 1-ield l 0 blocl<s of I plots e&ch irr each of the north, ccn ter,
aud -*orrth positions (figs.2 and 3A). Each test plot held & row of
(j spots sprrceC 3 inches apatt and plrr,ntcd to 6 sceds each;later thcs<;
rrere tcr bc thirint-.d to one seedling pel spot. Thus a leplication of
the 729 seed selectioris, each representc,d by 1 plclt, rcquired 2.7 sced-
beds; arril the errtire set-up of 9 replicrtions, 24.3 beds.
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Iror the first replicatiorr the strairrs \\ el'e listecl
so th&t cel't{iilt orres (rrsuallr in older of elevation)
\l'oui([ rtppcrlt together in the sar])c blocli an(l
lriu't icrilrrr bloclii \\()rrl(l come il) cnltsecuti\-e
orrlet', brrl cr-t,r'r-l)r'ccnuli()l) \\'ils trtlior lo irrsrrr.c
thrtt tlre _plot lJositions $-ithin these bloclis, rs
\l-ell rq thosc ir rrll -thc other loplications, be
<icterrninecl in a lanrlorn rrlallner.' To ecrualizc
lrnv e{fcct dr-re to cr'oss\\-ise positiol't irr tlre seett-
beds each ptrticuhr blocli, of n'Liclr thele u-crc
thlcc lcplications, appetrl'e(l onco in ercli oI the
thre,e lrositiolis, llort.h;col)terr urrd south. lt, u-rrs
not (f sselltiitl that c.\ orl- plot itr tlre lrLrrscry l)e
rrrbjcr't 1o cxrreLlr- tlrc s,rrrrr' lr.errtrrrerrt siirrrrl-
trncorrsl-v -thut i*, thrt thel' be sox-n, \\-rtet'e(l ,

etc., olr thr: slrrnc <lny, or.r"eceive tlre snrne [ul]ourrt
of n ater--.but orrlv ihat ltrer:ar-rtion bc tlrlretr thrt
thosc u-ithin the stnre irlocli bc treatcrcl cioseh-
rrlil<e. To insrrrc a complctely rrrrrdom (\\l)eri-
rnont it \\:rs (leciderl to-rnrrclomize tlrc bloclis
rvitliin eacrlr of thr-. lonEitrrdiual positioris *'ith tlrc
exceptior of replicatiirrr -\-, in ivLit.lr tlrc bloclis
occrrrrecl in consecutive or<ler. Tippett's Ran-
clom Srunplirig Nurnbers (4) u-ns rlietl {or this
NOI'l(.

l'or lecorcling tlie ficld datrr .w-ith efficicrrcr. untl
lrrpidit.v in rr clctsign as conrplicated as tliis, i,,t.nr.
mlrst be tlcvised to fit trartir,ulrr ntensru.cntet)t,
Ilrt'trrtrtI lirr tlro Dlot, rrrrtl tlrr'lotirl lirt'tlrc l-llocli.
ln the exarnplc hele' dt scriberl, tLe gcnltinr'rtiolr
coutrt (lrtrl,, clirvs fi'orn tirne of 1lLirrtirrc uritil
gcrrlrir ur tion, \\'ei'e lccor'(lerl olt tlrc d r.iginrrl'sorv irre
charts of rvhich {ieure 2 is a snmltle. 

-

OUTLINE OF PROCEDURE FOR CORREC]TING
MEASUREMENTS 5

'\s llreviouslv state<1, the chiel l)ur'l)oses of this
dcsign werLl to elirninate tliflelencr:s irr progenies
x-hich rnight be due to soil ol otllcr tlcatutcnt
hetelogerriitl' un<ler rvhicb the iutlividurri 1-lrog-
onies ha.r-e beor grorvitlg lnd to an'ir-e at ir
vtlid cstirnate of elror fol nlriliing irrclivicl'-ral

,;**-,u1.'f irtr:s htrs dore consi('lcf.blc arkiilional $ork on tlrr
rlcrcloprncnt of rrcLil{}(ls for thc rccovcrl- oI tlte interblock irriorutirtiirrr.
Since tbis l)irDor u as prcsontc(l for !ublicatiou, h(' has rcr]' kirrdll- rnarl,
rryailablc to tlle rrrtlrors his rcsulls (in rnar[script flrm) or1 thc thrre-din]en-
sionecl lat,ticc, Ry a soulr.\rhat ditlcront coml)lrt[l,ional I,roc{:rlurc fror)]
Ihat outlinod Ircrc, it is yrossible to dcLerilrine an estirrLat{r ()f the interblock
v:Lriau{'e, frced frorrr Yerielal cdccts. Adjustrnents 1o th{, varietal ureirD.
rvherc thc iutOrt.lock anrl intrtlrlock corlparisons ar('corfcctiJ- rveighte,i
rnay then b(' mrdc. \\-hilc the amount of cornputation rcquirerl for thj:
trnalysis is r little rrrore than that describcd lrerc. tt yiclrls r lrrrer etliciencl'
lsctor which is aiso al\ra-\s greatcr than that {or the orrlinar.r rrndomizc,l
hlocks, (ircopt lor the lirniting caso when thcrc is no rcductir,n of varilrra
dlrc to the use of -{maller blocks. \\'hen intcrblotk infornali(,II is rgnored,
thrr clliciencj f[ctor is not rlwirj s grci]ler.

!i0c9 d3rNl) tsrroN 'oN
I ,s, >aod

7"- -S-'-



Jul! 1-i, tllilg f,otttcrt I)e;ion Jor Stwlies i.tt, I.itrest Gcnt'tics 107

""-. {$

l'tct'ttt.: il. -1, (irtrrtla,l lit'l'ol thc t:rr1.itc l)t()goll\-tt:sl cxpcrirrrcrrt. 11, l3t'rl I(i,
rigitt, rras tt:t1t'rt'il ittrttcrlirrtc[.r'ltltcl souirrg: ltc.rl i7, ktfl, tias llLtcrotl st't-t,r'rrl
rla,r-s Iltlcl rtrt t'rllrrrlrlc ol' lltt ttnrlvoirlliblc tlifcrcrrt'c tlrat rnlrr- oct.rrl irr tr.t,r1-
ttttilrt attrl illrrsl,r:ltirrg:1,lrc nct'rl filt'a tltrsigu tlrrut uill , lirrrirr:ri.r'rtrirrIigrrs rhrt'
1') slt(.lt (.uil>r'-.
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\\'hc,re 1i:9, tho lrrillll)er of piots to the blocli
Ti':s'r, the nurnbcr of blocks in each replicatiotr
it:Zzg, the total nnmber of progenies or strairts
iz:3, tho rtu.rnber of replications rf cach of the' tltrcc groups
3n:r:9, the total nurnber of replications
3np ':729, thc total number of bloc\s irr the lrru'ser)-
3rtp a:t-65ti1, the total number of plots in tlr'e Irtlrser)-

'Ilie usual procedure rnal. be Jollorved- Yr computing the sttrll of
souil'cs colresirolrdirrq to tlre 72E rlegrees of flectlont for tIe blocks rrntl
tlie tj,i00 rrraliilrg rrp tlrc totrrl. -\s lrls beerl pointctl ottt o.nrlier, tlre
blocli'cliflere,tce.-ltai-c been confoulrdcci r,l"ith progerries (vlrieties) anti
hence th.ere rvill be no valicl rlcan square for blocks.

The lirst step in deterrnining the srrm of squ.rrres chre to proger)y
dillerences is tb apply a ct,rreition frqqlor to the gross.itverilge for
each varietv rvhicliiviil eliminatc the tlifle'rerrces due to sciil and treat-
melt heter6gcneity. le,1r'ing rr vrrlut'u lrich.is trrrly replesetttitlir e of tlrt'
orrrticular sir.,rin insof,rr as its clt:rr,rcteristit's tvere entbotlietl in tlre
]ee,l. sortn. ,\ crrhic lrttice u'itlr tlirrrensiorrsT, ttrul- bc liliclre,l to I frtr'-
torial esperirrrerrt (1, 1t..i3/ t ilrvolvilrg tlrree fictors eit.clt uitlr 7' r'nlttt's-
The maiir ellects oi erich of these fnctors x'ould be cotifortncletl in tu-o of
the three groups or replicrrtiols rrntl .the 2t I degrecs of irc'etlour (here
str:rirrs) foi treutnretrt ir orrltl be rrs [ollotvs:

Irirstfactor(A)-, - '-P!
St-.corrd factoi (ll) -- P 1
-I'hircifactor(C)-------------, - -pl
I nteractions :

l"irstorcicr(AIl,AC, ll(')--- - -- 3(511 (p-1)
Scconcl oraei (atl(')- -- tp !) !p,1) (p lI

Total------ ----.- . -- - P't I

The precision of the estimatc of the rnain efl'ects,rvoultl bc jtrst one-
tltirctlthat of an unconfounclecl experirnent rvith tlle stLrne elror rari-
n""" o"i trlot; that for the first ord^er intcractions rvor,rld be trvo-thircls.
irhitd th" secontl older $-or.rkl be entirely free of corrfountliDg.

11 this progeny test thc irrterest lies in-the ciiiTererices tretw'een single

r,.uc"iii".'.,rtTrcr'thln main eflects arrrl irrteractions. ]istirnrrtcs of the
i'i.tit io. errclr vnrictt- or struitt tttar- be erpre..st'd itr- tet'nts of tlre.gt'os-
;;;;;..i.1i. il,e,,trii' efl'ects. rrrd tir,'irrteirctio.ns, tlro lrrtter trro being
eOuivnlent to rernor.ing <liflerences dle to soil or treatnelt |etero-
Ce^;eit.\ - lior frctopirl expepinrents irlyolr irrg . tu o 9r. lllore l':lclol's
ii.;;;. t2-1J) tlre vielI of an5'trentmertt conrbinutic'' is equri to t]re

-i,iti:'i.lJ an,t t[ie srrm of plrrs or lnintts orte-ltol-[ ol nll tlre mairr
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cI[ccts rr]r(l ir)tcnlctions. fuurlogotrs to this, thct forrrrttlrr (.7, 1t. 136';
for the estilnrtc of an inclivi<iual strnin, 1,,,,., is

. ' l.-- . I.
t,,,:ntu,,o*;011 ".iilu.. r,i,,,)-i(il,,..: n .u.-:. tl; ..".,\

r 1--
*i(-t=,, --)r.,.+z..,)*2\T,,:T,.iZuo) - (1,)

\Vhcrc ?/r,,fu is tltc-t meur vieltl of thc nirte leplications of rl -qtrtritl. tlto
first an<l thrr thirrl qllarrtities tvithin parcntheses arc cot)si(lel'crl ruitirt
c{lccts nr)(l tho othcri trvrt interactioriJ. 'I'his fonnuln ltas }rcen tlevcl-
oped irr rr detrriled nlanrror, brrt tJre pl'ocedure has not beren inclurlerl
|1p1s ,since itinvolvcs consirlerallle algobra inappropriate to the pllrposos
of this rrrticlc.

Iror a bctter untlcrstatrtlillg of t'hc terttrs tualiirrg tlp the above
fontiull rr bricf c\Dlanation of the mrrthematical notation is ncerlc'd.
Srrbtotals of all the, plots (i3 of thcse) iu cach of thc three grotips rvhich
riro rrrunl)ererl cxactlv alil<e tre tlesignritecl I,,,.,,., l-,,,,,o, []r:r(l Z.,,ttt,Ittspoc-
tivc'lr', u'hile the tofal of the thrce grorrps (9 of tliese) is crilletl 7',,,,.
In triblc 2 the {ilst iterrr in scction 1, 82, is the surn of the'tlrrt'e plots iri
tlre I qroul) l-ith th.e nurnber' 111;in scctioll 2,77 is tli-t' sunr tlf the
tlrrcc 1t-iots in tho )'grortp tvith tho llrtlnber 111, and linlllv irt scctiorl
3, 7t) i.s thc sttttr 9f tire tliree 111's irt thc Z glotrl);ttn(l the tottri of all
thcse is 2ll8 irr scotion 4. A tlot appcurilrg iu place of tlle ll , ?" oI'?/'
irt rr srrbscript indictrtes I sumrnation of all lrlots rvhosc rttttnbors in the
slrrnc positiorr ls tht-. tltt larrgc fronr 1 to {);i. c., I.0,, is thc sttlntiiation
of l1l jrlots rvith the samc ztri brrt n'ith ru r'rrnging fi'om 1-to I, tntl I ,.

thrrt of all ltlots rvith t' cortstant but rrll \-aitles ttf tt ltrttl t'. ]'hrr-.674
is the surn-of thc ')7 progcn]' lneasurellretits iri grouP f_rvho-sc ttttnr-
bcrs errrl in l1; rrrrl ti,5+g is thc sunr of the 243 progeliY valltcls in group
-\ n'itlr rc-.1 . tr antl l taking on lll vltltres frorn I to 9. 'I'his notatiorl
is e'rterrde<l for rrll tc.rrns rviLh ilz'ur subscripts rtrrrl is quite ridctlurtttt for
:rll sumnurtiorrs. T]re corrcctecl progetrl' mcalr is dcnotetl 1,,,,,- u-ltile
t.,,.,t,,.,", and 1,,,. rlre tilc average progenY tllelllls lor tlre llilie I)r()gol).it'i
Irirr-irrg i:orrstlrnt t'u1.,'tl'u.,, lrntl utl tlesignatiort*. ^ Fo. etso of cotnptttittiotr
it hrrs-been founcl rlesirable to combine ccrtain of the correction teuns
irrtcr tlrrcc symmetricll parts, designated Cl .,r',_Cu.,.,, ntttl C,,," Tlieir
conrllosiliorinnd coltsisttlntrv rvill appear fl'om the discttssion to ftrliou'.

It'is no'w- possible, to shon- the application of fomrttlrt (1) to thc dntrl
lut hrind, as follorvs:,r

tfl utu'-= 4.,_i (st'ctittn 5 of thc lirst ninc corrrl)utatiorrnl ttblc'.'. of u'hicli
')rr tulrlt' 2 is :r sam;lle);

ln.,.,., ?Tt,,.o, arttl 2i,,,..=--tho sante Dverage of 3ti'p (or E1) plots rnaliinr
up Z.?r, 'I'u.n, antd 7',,., respectivcll" ('ses1i6n 'l
of the series of 1ll tubles):

ri,,... lri.,., arid 7t..,,,--thc lrveragc of.3n,7t2 (or 729) plots in To'., 'l'.,','.ntc|
7'..,", respectivcly (section 4 of the seriers of
10 tables);

:f,,.., i'.,., t'tn<I 7..,,--1hc averagc ctf rt,1t2 (or 2'tl3) plots tnakirl( III)
fu.., I-.,., amrl 2..,o, rcspectir-cl1' (sections l
ancl ? of the last tablc of series [tablc 31, antl
section ll of the first I ltable 2];
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TL2 Jou rn al o.f ,lUrinltural He searclt rur]' 
li: 

rell I'rtttit:c I )tsiltrt -f ttr Stur

',lepentiing otl rvltethcr tire progcnie

letters izlur.
The nrerr,tr r-ttt'iiltrce of all cornpril

.- :{ -(22'rrn r :tr)

F-ornmlns 4, 5, atttl 6 for vrrritrnces
the sanre lllllllller lls were the {onn
ilr't,,.ttt. of ruaitr cllect atld irlterlc
^ 'Tli; 

iesulting sttnrluti urors {I

.a.ti-ot the f<lur vrtriances are the

i",liti.iu,.rt cotttlliil'isotrs of llrogenir

llhe frrctor br l'hich etch of t

is . Itlcrtstll't',,f tlrt' ittr'lt'rtst' itt l-itt
,,f ifi" vrrrit'tit's ittto sets rvhen the

i;i" t'l-t" r'esrtltrttrt, rctlrrction in bl

i,i,,t,',t, called ellicielrc-v {nctor of
nrcastir',. of the itrltcrcnt strengtlt- -'l'hus 

thc irrclt'ases itr Yarirttrctt I

2'{1"-t7'1 t;*:
r l,'

..2' ,()t;' :\1t-i 41
tlf

-i('r't tr- o)r[' '

lnrl fot' rrll <'olrtllltrisolls' -

s- 27r| 1l2 ; l l.
t' lr) lt r

\Vitlr 7r:{), tlrc efliciencv frcto

rt-
lt't l* 1

?|'-- :
272 i-31tL1

?t
21f ;31t'i6

tn<l for tlic rncrtr r-aritrrtce of all

\-'rl. 5C, \L' :

Arrd, finally,
ts.0*, Iu.,,-,rntl'2,o. lltc itverlgc of np 1or 27).pLrls irr .'\'',', )',,', tltltl
2,,:-' ;;.;i'.tivclrl, sectiotrs I :rrtrl 2'of t5c tirst 9 trrblcs Itflbl(' ]l
lnil. section :i of-tlrc lrrst of st'r'ics Itrrhle 3].:Fb. 

"n-putationa,l 
rvorii n sliglitlv {iflercrrt forgr hrrs beett forrntl

nrost suitablc. Substituting thei foitgoing in forrnttlrr (1) givos

, , =f'uo_r+7f 
1'.,,,*'t,u.*'t".4_1 l- ro - 7,,.- l'..-1

t,,,,' = :ln - Z lir, 1,f :1,,1,t :t,,pl-:l:tr, 1,.t ilt, 1,,T Jt, p,)

, ][r,, ._r )'.,. - 2...,1_1 [-Y.,,+ ]'".,, +2,".1rzl;,;'-r tt1t2t t,j," )-71 np ' t'7' ' nl'J
rvhich Inav lle rccluccrl to

' .I'uo' , r 
f t,'I'.,*.- ilTr-\'.,,,. -'I'.,.: rt',] I,j,1, l,rll,'l',,.nf,,,.''Jn -r6;tl)tLl,r.,,r.- .];/'; -,''

- i\ pY u.," - 7' . ., - 3 2..," )+ ut,, | 1 
fl',, 

". - 3 p Z u o "'- I' u " -. 3 -Y'' I

\\-itlr thc ternrs contuirtitrg the bracliets represctrte'd br- (1.,,,', (',,. tttltl

ft. itr. forr'ula for corre-.-cbing r. i.dividiral 
'rogcrl)' 

Sccoines-

T

rt.,vi,' bc see,r,",",,;:-'iJ"ir,::,1,1,:;t;. ('s is,, \-c,..v *,J;
;;Jt"r."-C.., ".ia C,.. *pp".. iri tltc m:''girs of scctio' 5. trble 2.

e;. il.""iioir s, ti,bl" l. 't,rblc 2,.scctiorr 6, gives thc cot'recter'l ntcrttt

u"""iiir"ti,,ir tlavs c,f ilre 81 
'rogeriic" 

*o 
'nr'6et'crl 

t;nt rtr-.' 1. 'l'ltcrt'
ivill be simihr iectiotrs ft'r u't't1rt:tl l. -2. li' . . , 1)^t'riirg 

tlre cprrcctorl pr.ogr.-r11'n)(,iu)s it s:orrl,[ 1,,'p,t..silrl.'1.,r lirrrl llrt'
.,,;-;l-:qi;;;". ioi lr.ng"nies bi the usr.rrrl ptocetlttrc. lt crrl tre pror-etl-

ir*" "rl 
ifrnf the'sarffc re.1li* nuty lrc rrlrivctl lt rrit6 the fpt'trrtrlrr

8S (corrected 1-rrogcnY total)

--)(tuo,"T,"n) *_ t) (r ,;.,,) -i ) ()".,,.1,,.,) 1-)1,2,,,.1u,,.)] '.:l;

anrl with r.ery much less l'or-h.
lIntl tlrr.re' br'err rro- cnnfnur,,lirrg ilr tlris cxlrclirttettt,,l,lte t'rttirttce

,,t-"i:.r.i:-"oi"p1ii*otit "tii".n 
pair'-" of prog,:rrcics rr'otrltl ltave becn

2't', 
s beilg t1c error valttc detc'rrtrirrcrl frorn the tnall'sis of Yaritrllctl

tlltle all r' tlc trttnrbcl of leplit,rr'tiorrs' Ilecattse of the con{ounding,
r.ririLs t,l' D|t,g,'rries *'itl-i.lo,,lrr--ifierl ilr llrl'r'e \\'it\s on llre brsis.of tlreir
i;ilii-; i,t.;ii'i;;";i,,i'.,"t"i:-""i'rp"ti.on bv mcans of the valirrnce of
th. 'reri' liltcretrct. 

-tti" 
t..ioirce for eicli of tSesc is exprcssetl i'

llrc follou-irrg tlrrce formttlas- .)!z
l-( 1.,,-1,,,;=='-\17,2 rlt'vI) --- 11)

s2
I-(t,,r--t',r)-1,,t?7,2 131t 11') --(a\

!(lr:t-tr--1)
21t2 | 51t -711



rlepcntling ori rvhether 1l1c progenies dillcr in one, tno, or three of the
letters ?rz?r).

The nrelu vnriurice of rll cornotrisons is-

r. _*: (2p! t,-i1t] Il\ t=,.n r p2rpt- 1 -- - --\'l

liortnulas 4, 5, aurl 6 for variatrces of nrean cliflcrcnce lvcre derivcrl in
the same llar)rrer us werc the formulas {or correcting progeny neans,
irr terrns of mrrin ell'ect arrd interactions (7, pp. /t33-/t37).

Thc rt-.sulting stundrrrci errors from e-rtra,cting the squtrrc roots of
each of the foul yitlia,noes a,rc the error fuctors to be userl in making
irrrlivitlunl conrpirrisons of llrogcnies bv "Stu<lcnt's" I tc.st.

Jult li, l113'r Latt'icr: I)esigrt ."t'or Studies in Forr:st Genetics 113

'I'he frrctor bt rvlrich cach of the abor-c r-irliance-* cli{ter fron.r
2s2

r

is ir tncrrsut'e of tire irrcleasc in vnliarrcc thrt lesults frorrr the tlivision
of the vrrricties into sets rvhen ther crror variancc per plot is rrnaltered
hv tlre rrrsultunt redrrction in blocli size. Thc reciprocal of srrcli
frictor, called ellicierrcl- factol of the arl'rlngemerrt (b, p.E{,), is a
llleasure of the irrherent strength of the arrangenrent.

'llrrrs tlrc irrcrt'tsr.s irr r':rlirrricc tlc -

lrrrrl fol

\1-it tr

f s:, " , ,. 2*t 1'2 
)- 1t 71--,\u -'-t, TIt-rl''' t' !'

t" ('r,rr-i ?n-r-l\ . js2-,!7i:-l-']t'1 4
^. 2\-l' 'r "l)tl, t' )1,2

!2 ,... l*, :/r:+:j//+ii'-(2t,2 i3r, ur--,:rf r :],'

tll <'otninlisons- -

l:Zll' Lll -1! .2s2-21t215p]r11
r' 1l1p1l t'- 2(1tJ-p!1)

7r:9, tlrc cflicienc)- ftrctor is in each case thcn--

_ t_
1t'! 1t-lI

:.890,

),tP

:1,, ,-,11,- + =.8;19,

') lr:

:y. fj1, ,. :.S31,

rind for the mean \-ariance of all comparisons-

#t##t-835
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APPLICATION OI' PROCEDURE TO GERN{INATION DATA

\Yitlt tlre prc('e(ling r)otrltion rlr(l for'nlulirs irs il lrrrsis, ther rtcturrl
('onrputrltiolis involvt'tl in cot'ltcting tlro J)rogcnJ- ll).ciuls for heterr,-
gcllcit'r- aro ycr.v sirnple. 'J'ht'ilrrrt'css t'rrrr best lre crrllit.rl through il
trtbuhr fourt using a sclics of l0 r'orrrprrtrrtirirrril trrblt's of six se<,tiorrs
crrclr, of rvhich table 2 illrrstlrrtt's tlrtr lirsi iir, , 1 ) :trrrl trrlilc lJ tho last
l sullll)lrrY of thc other rritte trrblcs. ]iot' illrrstlrrtir-c rrrrrtcrirrl, tlre
tirrre of gornlinntion \\-ls recor'(lerl fol crr<'lr ol tlrc ti,;{iI j)lots. 'This

tirnc rrls rlt'firre<l rs tllc nutnber of davs fnrnr ulrrrrlirrg rrrrtil llrc {irst
rlirt' \-ltctr lirt'r'c t,r tnole spots f.ir =1,,ri. 1o tlrr,1rlr,1, l1',,1 "llr,r,l rn,,l'(,
st't'rllinlrs (six seetls plrrritccl to thc spot) r'isiblc rrlrr,r't' llrt'qrrrrrrrrl
rcg:trtlk,ss. tlf u.lrethol ol not the5- hacl bccn injrrrt'tl b1- rlrrrnl,i rrg-r'11'
or ()tll('I'\\-ls('.

Tlre i,rocctllrle Iurtv lrc tlerr.onstrrttctl ns follorvs:
(1) l-sins rr corr\-r'rrit'nt intlcr for lindirrg tho locltiorr irr the r)ul's(,1'\'

of the rcl)licltiol)s of irrrlir-i<lrrrrl lrtrrgcnics, thc Iirst stcp is to llrrrl tlrc
srrrn of tlrc tlu'ce lrlot trtolrsrrlcnx'lrts lrar'irrg tlre sirnr,t' rri'rl rrutrtber irr
e:tclr of tlre three gr)uJ)s rrrr<l lccoltl tlrctrr irr lrrlrrrlrrl forrn. lior
t xirrrrplt', in tlblc 2, fitr totrrls irr thc -\ Er'olll), the rtrrclings lirr'
\o. lll rr-ele 3l+27+2-1 =-S2;irr tlrc )'grorrir, tlrt'rt'rrtlitrgs for tlrc
sirrltc progellv wolo 28r 27 -22..77; rrrrtl in the Z gr<tu1t thcv rvcrc
?E+2(i.+25 79. 'lihis lrroccss i-s t'cpcrrtccl for crrclr rif tlre othcr' 7lS
I )l'og('l110s.

(2)'Ilio sutrr ol the thlet'totlls:rbovc.82-77+79 2:l'S, or 7'r,,,
the totnl ftrr tlrt: 1) rcplications oI l)l'ogen1- No. 1i 1. 'I'his nrrrl siniilrrr'
totrrls for tlrc Drogenies rrlroso nrrrtrbels crrrl irr I llr, ru'colrlcrl irr tlrt'
l'oru'th soction of irblc 2.

(i3) \lrrginrrl totlls lre forrrrtl for the first forrr sections lit'lrling
J,,.,", I..,", I..., rnrl thcsc ulo rcpcrrtetl for )-, 1,. : tt,l 7'. 

'rs 
irlrlicrrtt'il

in tablc 2.
,1,

(4) 'I'lro rvolirg'c r'?1??f is collrl)lltc(l for eaclr r-rrlrtc r,1 7'irr tlrc rrinc

trrlrlcs - lr vor\: sirnple rnrrttcr. Tlrcse folnr tlro lil'tlr scttiorr ol' circlr.

lrr lrrl,lt' il . f.r' \o. I I l. r,ls fri.J t l.
(ir) I,'or I,,,. tlrc itcnrs occrrpving llrc sirrrrc posiliorr irr crrr'lr of tlrc

nino ttblcs rrle arltlerl. 'I'he lilst srrlrrnrrtiorr is .\2 ;1):l FEl-1.;lt :
tl8+7.1-l-97-l-90+61)-727. O{'thcsc, thc Iilst vrrhrc onlv. 82, rnnv bt'
forurtl in lable 2. lllris rt'srrlt. 727. is tlre Jil'st itern in tlre terrtlr
tnble, hcle represorrtcrl bv t:rblc il. Tlris llrot-css is lcllcrtcrl lrll crrch
ol thc othcl Trrogorit's.

(6) \lrrrginrl'totais hclc viclrl -Y,,.. rrnrl I.,.. lflrc srrnrt' proccdrrrc
is follon-orl for )', Z. nnil 'l'.

(7)'l'hc rrerxt inrportlrnt st('l) is tlrc calcrrlritiorr ol thc con'e<,tiorr
frtctrrrs (1.,,", (1 ,,.,,.. rlr)tl (',,,,.. Sulrstitrrtirrgirr the fottnullr-s gir-t'rr flJ)()\'o
lol tlrr'sc:

I('.,.,,--,, .,',,,, llt { l1t3tt ltr
r) /\,j i:,-

(tabic 2)-3 '

rrrnr'3in ol'lifl
1

(' u, .. ,, . 19 '7 2ois (lr
r) '. ,l / :r-

(tnblo:3) --3 )
tlblo 3).

.\tterrtion is crllctl to thc lrrc
founullrs irre sucll lls to gi\-e ecl
of rill the C's shouLl ctlrrirl zt'rri,
the comprrt:rtiorrs.

(E) Thc linrrl opt'rrrtion in co
hetelogeneit.r- is to apply tlrt's
lrolrgo in sectiorr i, ttble 2. rrsi

2(i.4.1.t-0.124+
rvlric,h is tlre corrcotecl nunrbcl of
1'or progerrl- -\o. 111.

\Iith crich of tlre 7?9 progcnr
nrattor to cttlt'l tlrlotrglr tht' c
t,he itcrrrs iri flLc urrniysis of
(lzr - -- .- - (1r,,,,, be t,lrc iirigilull r
lll re'lllicrrtions'-

2J u,,,.- 178,(i01 , rtrtrl , thc. cr

4,t(i5.07.t.117,
),1] ,,.,u ;. 1 J2,112 1 ,,

'l'otrr I .SS-. 5, 1 22,9? I --.1.1
liol tlie variltion rirrc to bloclis,

)D:--44.ti01,697
5'S rlue to bloclis =-1!!l{)1

I
lflie rrsrrrrl 1l'oc'erl ut'e firl firirl

l'cctcd progollv llrcNsul.('Iucrrts ('r

sirnlllillcs unrI shot'tt'rrs the lrrl
stitrrting thereirr

SS rlrre io lllogctties-=i,()l l,
1- 1,ir87.202.0301 - l't 1,71:

These krrol'rr itt-rttts, rtul.\- r)(

Yilr.iil,rlco trrrtl tlr0 o|I'or t0r'1il,
trblc 4.

Vtriat iorr riur' 1 o

I('.,,,, ri . ;l . . '. 
f0 .r. 2020 (trtble 2)-27 ).1,

(table :l )-i :l X 625E (tlblc
nrrrlgirr rif Iiftlr sectiorr, trble

07+ (i rlrlt' 2) 1E,93;

3)l.- -- ().1 ?+ (r'eltir:rt1
l).

'l'otrl

i lliglrly signiii('rrt.



Jul-v 15. l03l) Lrttticc. I)esi11ti .1,,r Strdies in l,-orest Gr:net,ics 11ir

(1

; t;,-[9 X 1930 (table 2)-27 X 614 (tablc 2)-19.00;
(trblt 2)__3 )( ti21ir (trhle t)J==0.2Oti (Lorizontrl
malgin of fifth scction, table j).

I(',, -ti./ rr a,r, [9 )X 207S (table l])-27 X tiSO (table B)-20,06i3
(table :3)+3 X 697-1 (trblo 2)l:0.S24 (fi1th secrion,
tnblo B).

-\ttention is cllletl to tLe ['rrct tlrlt thc coefficients of thcse tlrrcefon:ulrrs are strch rs t, sir-c eclrrrl u.eiglrti,rg t., ,iiL ii"r*."'t1," .ur,.,of rll tlLc 6''s shoulcl c<1rirl zcrti. rv]rich'is a ijl,ecli.r,, tt*-r.orracy ofllte eolttlrtttrt t ir-rrrs.

, /S) Tirt'.litlill ollet'iriiorr irr.cot't'cclirrg tlrc irrrlirirlrrrI pr.ogerrir.s fr1lrclerog('ltoltl r> lo rrlrlrlr 1lrt,:e colr.cr.tiotr r.rrlues to tlre or.iqirr,rl
rvcmEo in section 5, ttbld 2. rLsing fonnrrln 1 _

2(1.4.1.1- 0.124 + 0.296 r 0.S2.1.- 27.44t)
rvlrich is tlte c<lrrt:ctccl trttrubcr of du1's fronr plrrnting until gcnninlti6l
for progr'n.r- \o. I I l.

\rith erich of tlre 7?g.1lrogcn1- l)leil.lls t,orrcc,tecl, it is l verr- sinrplcrttiit.ttet' to cltrl'v tlrr.trglr. tlre,. tlt,nrprrtrr,tious neoossu.r'r- for ribt,rili'irgthe iterrrrs irr thc arr,rirsis. ,,f r ,,ri,rrr:e ttifr"--i,it'iri- j.r-.:n.' ^'ri 
,r,,itlztt --:. --.(1nuu be thc orieilrrrl sernrirurtiotr tinio, i,.,i"."tri,l,irrg overrril replicltions -

)(1 ,,,,,- 178,601 , urrrl , tlre. cot'r'err,tiorr, facto-r., bccorrtcs (17g,(i(jl ),
+.x{i;.ll7l .:l;. 6,,6 I

)t12 ,,, r,t: i,122,g;21
'l'otaI sS--5. 1 i2,12 I - 4.S(i5.07-1.ll7 :. 2,57,,9.1{i.6;1.

lior the vrrr.iation <lrrei to ]llocli,q, /l.
)Dr lJ,ri{rl ,6li

SS ,lrrc lo lrlor.lis t+.{i0 l.{i{f ;
t)' _-l.s{i,i.07+.;t7 -1r0.661r.;{

'fhe usrurl lnrrccrrlule for firrtlirig tlre sunrs of squnr.es for tlLt, cor-
lerterl,,progr,rr\' lucirsur'onrcnts coril,l Irave beerr userl, bst for.rlula (;i)
sttnlrlrlrt's urrrI shortcris tlrc lrriror to a consiclcrrrblc cleglcc. Sri]r_stituting thcleirr

S.5 rl'e_t. p]'qS-e]{9s,:ir,O11,;iS0.822-[1,iiE9,976.220-J-1,592,ri9E.640
f 1,ii,97.292.0301 -. 1.1 1,713.t)32.

Tlrese llro,,,r itunrs, nrrv no\\- be tnbrrlrrterl {ol t|e arinlvsis ofvllitr.nce lrrtl thc elrrrr tt'i'nr,2;.-162.g6, oiltairrccl l,-r..,r}rtrii.li,,,,,
trrlrlc {,

-['.rnr,r: .1.- ,.lttnltlsis o.l'rnriortce rtJ'thc ylcrntinutiott pcriod in tlays

vrrriation rluc 1o tt

lll.,.1:
lr'.c' nir'S- -

T0trl - -

r Ilighly sicnitlcrnt

1

ri i3

ril
'illlil;,it | ;llill,3l lrrn.n,nn,,.. t

---l_*_-__i;..t( q0.n,iC.;t l.-.- -.---.-
7?S | 111, 7l3.glt i r91. U{i i

5. 101 i 25, .tij2. s6 1 r. Osrs.:.t ,. , -

{j, ;tj0 ,.5;, sro. olt ]_ _,

i.

:J.J. (il
.
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'Ihc crror rnealr s(luiu'e in trrllle'.1 is tlre srlurtt'crl strrntllrrrl erlor', tlriit
is, ..-r:4.91i882'1. Tlrc cornparison of irrrlividLrll progcnv nrcans frrlls
into tlrret: gl'oups. rvlrich rnl.y be rleterrnirrcrl l'xrrn tlro l)l'ogenv nllmbor,
rvith rlistirit't stanrhrtl cllors o1' thc rlilIe lerrcc. 'lhcsc irlc cxnresserl itr
formrrltrs (a) to (7). Substitutitrg irr llrcsc

.) ,14 QRSS.)4
I'r1r,,- f,,,), - ';:.,""-'X$t ,l.lJ;lt;.\/'.' l.ll{;

/ QxR.q')Jr.,r r \ _' 'X10:i_ l.:t:l{)il:.1^\/i l.ll1lr l{lt:-tlll/- tt!}

I'(f,,,- t,,,1 =. 1,!!8!21 X 19ir - I .

\lerrrr vrrlirrn<'e of rtll cotnprtlisotrs

r'.,, : +'e*:*lt1 x ii:* : 1.:t2 7e I 7,r q ,.91

sons lus bccn intlorluccrl sittcle
pattern orrtlincrl \\'ls not errictl-y
rnuch of tJro lost inlorrnution.
clcgrees of freedom rrsr:ribecl to
effects) rnav bc brolien dorvn us

( il'ott1r-
-\ grouping:

Rkrcks - - -lJrror---- -
)'grouping:

lllocks

S-,14",:1.15r

llr rtrr -
Z grorrping:

Illt'ck- - -Lrrur. ----

Clonrbinirrg thc thre'e terltrs fc

i( r\ r,i _: 
( Y-,, ,,\ ->(2,,, \ ,,,.,,,- l7 

- rrrrrrr

prrrt of the surn of sqtrarcs for I
this frorn the totnl srrrn of sqtltr
attributed to thc 4,9fi dcgrces of

Thi-q comLnrtation becomcs

1s,q_qiJl h42,1tlr,:tL 4?

90,669.7.1 (^SS,tul] to bloclis
This rnav bc ,qct rrp in thc foll

\Iitlr tlrcsc strrrrlrrrl enors it is nox, Possible tcl rtrllic rrnv inrlivi<lrrrrl
corrrplrlisorrs of nrcans rlesirecl using the rvcll-linon-ti / test.

r'--\ln"t\,:\Itltlll rrrrl lclclling to tlre t table (1, 7t. 166) Ior tlreSI]
prohlbilitv that thc diflr lcnce nrislrt be tlrre to tanclotn srinipling. 'I'his
/ is. of ('ollrse. tht'orre fir'st estrblisherl irv "Sturleltt" irr 1908. Atr ltlo-
clulte treltrtrcnt of it is giverr bv Fishor (7). To ttottrprtt'c 1lt'o{t'ttit'r
\o lll rrrrrl \o. ill

r.== ? l,Ilitl -?i4'1() .= _ 5.0e0' 1.11(i

Errtclirrs the I tlblc \1,lt.1(i(il irt tt .-l{i (l ,,, tt1*tr2 u-ltclt'rr11 l 11111

n1i1 lle etch o<lrtrrl to f)). the c,onrprrtt'tl r-rrlrre o1'l, ;.09(), is {otrnrl t,'r
be frrl bcvontl the r':rngo oI t]rc trr]rlc. slron'irrg thrrt the lrrolra]rilitv,
1', is extitrnolv srnall. l'lris jrrstilics tltt'<'ottt'lttsioti tlirtt the set'tls
Irorn thc trec x-lrose l)r'ogcnv is \o. l1l gcrrnirrrtte lrt lt slrttrct' t'rttt'
thrrn those florrr tlrc- seerl tt'eo of 1r'oqcttr- \o. 211 .

hr rrn eru'lier' l)ru'rgl'rph thc t'fliciellcr- fil('tors for tLis rlcsigrr s't're
<'ornprrterl. It'ol tlrc rrrelrr vlu'ilrricc of rrll cortrprrisons. this elficicrrcl
fact()r'rvirs forrrrtl to bt'().lill5. Irr othct'tlot'tls. 1(i.5 trctcent rvtts lost
bc'crrrust] tlrc ort'linarv llrrrlornizcrl blocli llcl lelrlication rvrs tt.t ttst'tl.
'fho rcrluction irr eliot'r-ariancc'tlue to tht'dcsigri u-ili. hon-r'vct', ttt('fc
tharr r,onrlrensrrtc for tlris loss. It is possiblc to tnlio into ltccciutrt the
infolurrrtion rrccluitrg l'r'om tlre blocl< conrprtlisotrs, sirtco this ('\l)r'l'i-
rrrt'rrt Irrrs rr sirfiiciont number of lcplicrrtiorrs (rrirre in rrll nith thlee lor
crrclr ol'tlrc groups I. )'.:rnrl Z) to give rur rtrlccluittt'estiuttrtc of ct't'ot'
lilr irrtelblocli ls u'cll ns tlre irrtlrrblocli conrprit'isorts. Tlris lt<ltls grerrtlr-
to tlrc rttlrrctiveness of thc clcsign.

'l'o rrse thc infolnrrrtit,n {r'oin tlrt'itrtelblocli cott.tpitlisotts rrittst
rrccru'irtclv. lll the blrcl<s lorrning u cotiipletc lcpli...rtiorr X,l-, or Z
shoultl beirrlllngotl in l conrllir<'t rurit on tlre glottnd. n'itlt tlrese tlrrt'e
gl'olrps lanclomizetl fol positions rvith lefelettce to caclt other in addi-
tion to the r':rn<lornization of bloclis u'itliin qloul)s rrrrtl plots rvitltin
lrlcrclis (9, pIi.30. i)1 , E(;). ,\lthouglr utilizrition of irrtellrlocli ('onrl)rtri-

Illocks,
\\-ilhin- -__

Total -

The Inelrrr
t lr us:

,q(lllirr0 fol tlre (i,5(

r0,084.22 l ((i0i

6ir(j

Follorvirrg l,-isher' (.2, pp. 2i5

,-"'.,', ,. llrct'r'r, is tlrc rlr'gt'cr's
( /, f '-5 J,\-

Iurce. ITencc thc lrrtio of the tr

2.45, or'')45 pelccrrt, u-ill tnt'rtsu
I'cduction in error r':tt'iitttce bv
tlirrt tlie e-rpcriurctrt is ltborrt 2

be'err if the oldirrnr'.-v lrrrrtlorttizct
I!ar'licr, a('coulit u'its titlicrt tt

colrfolllr(ling of rnrrirr cllt'cts rv
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sons htts beert irttlcltluccrl sincc the expeliruent rvas irrstallctl and the
patteur outlincrl w.ts not exactly follorr-ed, still it is possible to rccover
rnuch of the lost infonnation. \\rith the present <lesign. the 7?g
degrccs of froedorn ascribetl to bloolis (tlrese conforrnclcd' rvith mrrin
effects) rnnl bc lrroken do*'n rrs follon s:

I)IJ
(irorr1.r-s,------ 2
-\ groulring:

Illocks--- tlO
Error- - , -

)- grorryrirrg:
I:llocks- --.Iirror----., -

Z grorrping:
lllocks s0I!rror,-.--- 

]g
72E

clonrbining the thrce terrns for cllol gives 486 clcgrees of fr.eetiorn.:(f .,,.) -'i()',,,,\,-,->(2,,) ...,.... ,r. ^...2Z --! nlrrrus the cor.rection {uctor rvill givc the
prrlt 

^of the, surn of sclua,res for bloc,ks other thrur erlor. Subtrrrcting
this frorn ther totnl surn of squares clue to bloc,lis lcaves thc elrol tcrrn
rrttrilrrrter[ 1o tlre 4S{i rlcqrerq of fr.r'etlorn.

This cornprrtation becornes

$' QQa, LU - !:2, !9e $ ri !2, q10'!?! 
- 4, 8 6 ;i, 0 74. B 7 -. 4 0,.r E o . 5 2.

90,669.7.1 GS-S clue to bloclis) -40,5E5.52-.50,0E4.22.This rnl,v be set rrp in the follorving fonn:

Il crn _11,S

r62

80
1{i2

Il lot'k s -
\\-i r lr in

,1$11 ;i1).0t1.22 I 1();i.0i
6.0;1 +. !t\\s!+

'l'o1 al - 6, 5{i0

_ Thc rncan s(lllirrc fot'tho (i,560 tlcgr,ees of fi'ccrloln, 12.2J,
th us:

.l0,0f,1:?2+ ((i071 X1-es!!2ll _, .,,.
{i;ri0 ' - ''0

Follon-ilrg lrisher' (2, p1t. 255 25E), the exPressiorr 1'or' Plercision is

a//,+:fI.,'rvherlc n, is thc deglccs of frcoclorrr arrtl .s: thc srliplitrg r-lri-

Nllce. Ifc'nce tlrc' r'rrtio <il the trvo srrrnpling virr.irncres tbove, !?:+:
4.99

2.4_5, or 245 pelccrit. rrill nrerrstrle thc I'c(.o\-el'y of irrlotnrttion chte to
lcdrrc'tion in erlcll r-rrliurice bv the rrso of this clesign. 'lhis mearrs
tlut the cxlrerirnort is rrborrt'2r1 tinrts ls tl'ccise:is it x'ould hrrr-c
be'cn if tlie olrlirllv rrinclornized blclck tlesigir Inltl heerr nserl.

llarlicr, accortut ryits ttkcn of tirc loss irf infonnltion dirc to the
confounding of rnrrin effccts x-itli bioclis, rvith the lcsrrlt thrt the
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cllicienc.r- of thc. ex{lcrirrrtrnt \\'irs lsse-qse(l nt 0.lt:Ji. 'I'he rret t'flicietrcr-
florn tlrcsc tu'o sorrrces is therr

0.,SlJ 5 ..<l 2.4 il : 2. Oir

'l'lris net grrin oI 10r) percrerrt rnrlics it ovitlent th:rt tlre rrsc of tlre
ctrbit' Lrttir,c' tlcsigrr for this exlrerinrerrt \\'ils nx)st rrort[r u-hiic.

.I]XPLANATION AND SUMI,{ARY

-\tt crlrnirrttion of the bodl- of gclminutiorr tlrrta aftt'r' tlit <'orletti,rrr
frtctot's ltirt-c bocn lppliccl gives tu<lst conclusir-c cr-irlorcc of tlrc cfli'r'-
tir-t'ness of tlris t-v1le o{ rlcsign for the pllr'l-)oscr for l-hich it l as c\1rl\'('(1,
ttrtttlt'l.t', to olirninrrte cliflorr,nces in 5.'ields or ])]rrilsr.lrelrrt'nts rlrre to soil
()r' tI'('iltlnelrt lrctenrgc'ncitv. .Bcsidcs thc txltcctod soil r-rrrirrt,iorrs, l
lltor-tt r-rrrirrbie facior l'ris irrtrotlrrccil irr tlit rvntt'rirrc tirne of ihc
nulsel'r. It is glantctl that rvatcling rvill tcrrd to lnrsteri gelnrirration.
Tirc errtirc rnll'soly wlls \\-iiterc(l on<re, becls 1 16 on r\pril 27 and bods
l7-25 on IIav 7. 

-The 
sou-irrg startc<i orr April 20 lvitli be<l 1 nrrd con-

tinuetl consccutirelv until fiirishccl on \[ai- ii. This mearrs that the
grerrttist nuntbc,r of 

'cla\.s 
betrveen plrrrrting rirrd rvilteting for thc first

sct rroultl hr.r-t'liccn for becl 1, anrl thc lerst for bed 16; in the secorrtl
set the greatcst rirrnrllcr of dlr-s fclr bcd 17, the lorrest nurnber of dlrl's
for berl 25 (fis. :l 1J).

The nurrrberl of tllrvs fronr l'ater'ing to gclrrrirrrtion \\-ere also le-
cortled for cach of the (i,561 plots. I-sirrg the original ar.crilgc ylhre,.,
timc to gernrinato fronr plrrrrting <htc rnirurs thc time to gcrrtrinutc
Ironr rraterirrg rrlicd fronr pkrt to plot, il l'llrgc of 3.3 to 5.9.

\VIreri the a\-cl'rrgc rrrrnrbcl of clats frorn u'lteling tittre to gt-rtrrin:t-
tiolr for ett'h progony \\-ls collecteti, lls \\-irs rlone fol tlie llltntirrg
tinrc. the clifferences bctrveen colrected pllntirrg rnrl correctcrl rvrttor-
ins firrre bccalnc prrrt-ticrtllr- constant at 4.(i da1's. This is cvitlerrt'e
that this <lesign <locs clirrrirrrte cflocts of plot difl'clcrrccs ttpon tlte
tyclrgo t-illut's, rvlrcthel tlicv bo irritial or sonle lrrtcr hlppettiltg, rs iti
thc iricidcnt of l-rttelirrg the rrrrrser\'.

Thc correctiorr of thrr 72{) llrogcnr- ntciurs for hctcrogc'neitl- tlrre to
Io<'rrtion lnd tlre settirrg up of the ptocodru'e for maliing 1p5f-s of sig-
rrificlnco of tl)(l r'lifl'orcnccs of tlrose inclir'iclrral plogeny lneans conl-
plctcs tlre obiectives of this rrticlc. I,'ronr tlre stalrtlpoint of the pur-
poses for u-lric'h tlris expelirr)ent lvas designctl, hortet-er, it mlrlis onlv
tlrc irritial stcp r'rr thc selcction of scecl treers for the irnprove,rtrctrt of
the strrrins of tirnbcl treros; it is necessary to lcarlr what t'ontlitions
n{Tect the uro*-ing char:rctelistic of the scc<llings. IIencc, tlte Ircxt
stcp, rrhich is bcvond the scope of this nrticle, rvoulrl bc to subjoct tht'
t'ollecttrl dltr to srrclr stlnclnrrl statistical uroccdrrres rs s()cln ntost
applictble.
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